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Summary
A brief assessment of the suitability of 142 ha in the Packsaddle infill area for horticulture was
conducted in late August 1993.  Of this area 100 ha is Crown Land, and 42 ha was recently
sold as freehold.
Eleven map units based on soil and landform were identified, and their suitability for
horticulture assessed.  The map units were based on field observations and extrapolation from
existing surveys.  The map is prepared at a scale of 1:20,000 and is only accurate at that scale,
although in this report it is presented at 1:10,000 to improve legibility.
Under present drainage conditions, about 39 ha of the Crown Land was assessed as being
suitable for horticulture, 4 ha marginally suitable, and 57 ha unsuitable.  In the freehold areas
about 28 ha was assessed as suitable, 8 ha marginally suitable, and 6 ha unsuitable.
The option of draining two closed depressions, presently unsuitable for horticulture because
of seasonal inundation, was discussed.  Complete drainage would allow access to about 32 ha
of heavy grey clays which would become marginally suitable for horticulture.
Concern is raised about the need to provide an adequate buffer between agriculture and the
Ord River to minimise bank erosion and nutrient pollution of the river, protect river bank
habitats, and reduce the visual impact of agriculture viewed from Lake Kununurra.
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1. Introduction
Land suitable for agriculture, and in particular horticulture, is keenly sought in the Kununurra
area.  Interest has been expressed by local landholders in the possibility of land in the infill
area becoming available for horticulture.
Based on this interest, the Ord Development Council (ODC) requested the Department of
Agriculture (now Agriculture Western Australia) to conduct a survey to identify the main soil
types and their suitability for agriculture of the Crown Land in the infill area, and the possible
benefits of draining the poorer drained parts.
The Packsaddle Infill area covers approximately 141 ha adjacent to the Ord River, 9 km south
of Kununurra.
The broad objective of the survey was to provide soil and land resource information that
would facilitate sound planning decisions about future land use.
Location of Packsaddle Infill area.
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2. Land use
The area is zoned as rural B - Intensive Horticulture (Shire of Wyndham and East Kimberley
Rural Planning Strategy, Town Planning Scheme 4, Amendment 14, 1987).
The 100 ha of Crown Land is covered by native vegetation and not used for agriculture.
Several of the freehold blocks have been cleared and planted to bananas, vegetables (e.g.
tomatoes, melons, capsicums) and mangoes.  Some freehold land has yet to be developed for
agriculture.
3. Climate
The area is semi-arid with summer monsoonal rains.  Average rainfall for Kununurra is 778
mm, most of which falls from December to March, with the rest of the year a virtual drought.
The mean maximum temperatures range from 30.50C in July to 38.80C in November and mean
minima range from 14.20C in July to 24.80C in December.  The area is virtually frost-free
(Delane 1987).
4. Geology and physiography
Most of the area is of alluvial origin, with only a low sandstone ridge protruding from the
alluvium at the eastern end.  The swampy areas are probably part of a former river meander
now separated by recent levee deposits adjacent to the Ord River.  This meander is now being
filled by clayey alluvium from the adjacent plain.
5. Native vegetation
An open woodland with grassy understorey (savanna woodland) is the primary vegetation.
The seasonally inundated depressions are dominated by Eucalyptus microtheca (flooded box)
with a grassy understorey.  The better-drained areas carry Eucalyptus tectifica (grey box) with
the grasses Heteropogon contortus (bunch or black speargrass) and Aristida latifolia
(feathertop wiregrass), or the shrub Acacia farnesiana (mimosa bush) common in the
understorey.  An area of calcareous soil (Walyara) is treeless, with Carissa lanceolata
(conkerberry) and Aristida latifolia dominant.  Some recently eroded areas are largely devoid of
vegetation.
ASSESSMENT OF PACKSADDLE INFILL   
5
6. Survey methods
Previous surveys
The first survey of the area was a reconnaissance of about 300,000 ha between Wyndham and
the Western Australian/Northern Territory border conducted by Burvill in 1944.  This survey
was to look at areas with potential for irrigated agriculture, and highlighted the Packsaddle
Plain as an area of potential, but did not gather soils information.
A semi-detailed soil survey of the Packsaddle Plain was conducted by Trevor Stoneman in
1972.  Two soil-landscapes described for the infill were coded by Stoneman (1980) as R
(recent alluvial soils) and W (swamps and flooded areas).
Packsaddle Infill survey
Fieldwork was conducted during late August 1993.
Preliminary map units were marked on 1:20,000 colour photographs (taken July 1989), and
examined in the field considering features such as soil, landform, microrelief and vegetation.
Eleven complete profile descriptions were made.  These were obtained by pushing a 50 mm
steel tube down to about 80 cm with a Gemco drill rig, and then augering to 150 cm with an
open auger bit.  Each profile was examined for a minimum of texture, colour, structure, depth
of horizons, pH and electrical conductivity (EC).
On the basis of the profile descriptions, general observations of the area, information from
previous  surveys and discussions with local Department of Agriculture staff, map units and
soils were delineated and assessed.
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7. Map units
Eleven map units based on soil and landform were identified and their suitability for
horticulture assessed.  Time constraints did not allow the development of a soils map, and
therefore the map units are based on field observations and extrapolation from existing
surveys.  The units are a combination of soil type, landform and factors such as period of
inundation.  They contain one soil or an association of several soils and are used to assess land
suitability.
The map was prepared at 1:20,000 and is only accurate at that scale.  It is presented in this
report at 1:10,000 to improve legibility, not accuracy.
Total area of the study is approximately 142 ha.  Areas given for each map unit are the total
for the study area (Crown Land plus freehold land).  Table 1 indicates the division of each unit
into Crown or freehold land.  Areas are approximate only.
1a, 1b & 1c Levees
A broad sandy levee occurs beside the Ord River.  This has been divided into three map units:
1a adjacent to Ord River - loamy sands
The levee has red or brown sandy soils (Ord loamy sand) and denser riverside vegetation.  The
top of the levee is several metres above normal river level, and the levee slopes steeply into
the river.
1b adjacent to, but inland from 1a - sandy loams
This describes the main part of the levee, which is either flat, or very gently sloping away
from the river.  The combination of well drained soil with sufficient clay to hold moisture and
nutrients makes this unit ideal for horticulture.
1c eroded levee
This describes a small area of the levee which has been deeply dissected by gully erosion.  The
erosion extends from the river through both units 1a and 1b.
2 Transitional levee
An area of transitional levee soils occurs behind unit 1b.  The soils are intermediate between
the sandy or loamy reddish levee soils, and the brown or grey clays of the depressions.  The
unit is rarely, if ever, inundated.
3 Brown clay plain - occasionally inundated
An area of brown clays occurs on a flat between the two seasonally inundated depressions.
This is occasionally inundated when either one or both of the depressions fills and water flows
between them.
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4 Swamp and seasonally wet areas - grey/brown clays
These areas are inundated each wet season, the extent and duration depending on the season.
The lowest parts are likely to remain wet for most of the year.  The soils occur in zones
around the lowest point in the depression, with the heaviest grey cracking clays (Aquitaine
clays) in the centres, and the lighter brownish clays which crack less, towards the edges.
5 Low rise with calcareous soils
This describes a gentle rise with calcareous Walyara soils.  The area is treeless, with a dense
grass layer of Aristida latifolia (feathertop wiregrass) and scattered shrubs of Carissa
lanceolata (conkerberry).
6a, 6b & 6c Red clay terraces
An eroded alluvial terrace with red clayey soils, above the recent levee systems but below the
black soil plains, is common in the Packsaddle area.  Stoneman (1972) described the soils of
this terrace as Packsaddle sandy loams, although in this area the soils are heavier than the
typical Packsaddle sandy loam.  The terrace has been eroded to varying degrees.
6a not eroded
Loamy topsoil over the red clay, at least in part remaining over the clayey subsoil.  No
evidence of recent erosion.
6b eroded
Red clayey subsoils at or near the surface.  Evidence of bare areas or recent erosion.
6c stony/gravelly
River stones or gravels at or near the surface.
7 Sedimentary hills
Sandstone hills with shallow sandy soils.  Spinifex grasses and scattered shrubs.
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Correlation of map units with common map key
A common map key, instigated by Aldrick (1990), covers the major surveys in the Ord River
Irrigation Area.  The latest version is published by Schoknecht and Grose 1996 and includes
the following surveys:
Ivanhoe Plain
Ivanhoe West Bank
Weaber Plain
Lower Weaber-Keep Plain
Knox Creek Plain.
The map units in this survey are correlated with the common map key in Table 1.
Table 1.  Correlation of Packsaddle Infill units with common map key.
Map unit Area (ha) Equivalent unit in
common map key
1a 13 7c
1b 20 7c
1c 1 7e
2 12 no equivalent
3 3 no equivalent
4 37 Sw
5 3 9a or no equivalent
6a 35 2f
6b 7 2g
6c 2 no equivalent
7 9 6c
TOTAL 142
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8. Soils
Where possible the soil names used by Riley et al. (1993) have been used, with modifications
or additions to suit the range of soils on the study area.  The main soils occurring in the study
area are described.
Ord loamy sand (sandy levee soil)
This is found adjacent to the Ord River and represents recent alluvial deposition from the Ord.
It is sandy and reddish throughout.  The presence of micaceous sands throughout indicates
that the soil has been subject to very limited soil forming processes as micas are readily
weathered.
The soil is very permeable and fertile, and suitable for spray or trickle irrigation.  Close
proximity to the Ord River may preclude its use for agriculture.
Typical profile
Horizon Depth (cm) Description
A1 0-30 Dark reddish brown (2.5YR 3/4) loamy sand; pH 6.5-7.0; weakly structured
to apedal; gradual boundary.
C 30-150 Dark red to yellowish red (2.5YR 3/6 - 5YR 4/6) sandy loam; pH 7.0-7.5;
apedal and porous.
Ord sandy loam (levee soil)
This levee soil is a little heavier in texture than the Ord loamy sand, and is usually found
slightly further from the river.  The soil is permeable and well drained, and the loamy textures
indicate a relatively high water-holding capacity.  It is fertile and well suited to irrigated
agriculture, especially horticulture.
Typical profile
Horizon Depth (cm) Description
A1 0-10 Reddish brown (5YR 4/4) fine sandy loam; pH 7.0; weakly structured;
gradual boundary.
AC 10-150+ Reddish brown (5YR 4/4) fine sandy loam; apedal and earthy; pH 7.0; may
increase in texture to a sandy clay loam at depth.
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Transitional levee soil
Dark brown gradational clay soil occurs in areas behind  the main levee, but above the
seasonally inundated depressions
Typical profile
Horizon Depth (cm) Description
A1 0-5 Very dark greyish brown (10YR 3/2) clay loam; moderate fine subangular
blocky structure; pH 7.9; clear boundary.
B21 5-30 Very dark greyish brown (10YR 3.2) light medium clay; moderate
subangular blocky structure; pH 7.6; gradual boundary.
B22 30-135 Brown (7.5YR 4/2) medium clay; weak blocky structure; pH 7.1; diffuse
boundary.
BC 135-150+ Brown (7.5YR 4/3) micaceous light clay; pH 7.6.
Packsaddle sandy loam (red clay soil)
The red soils in the study area are heavier that the typical Packsaddle sandy loam described by
Stoneman (1972).  Possibly much of the red soil has been eroded to some degree, and the
loamy surface layer/s lost.
Typical profile
Horizon Depth (cm) Description
A1 0-7 Dark brown (7.5YR 3/3) clay loam; pH 7.2; weakly structured; gradual
boundary.
B21 7-50 Dark reddish brown (5YR 3/3) medium clay; pH 7.1; moderate subangular
blocky structure; gradual boundary.
B22 50-135 Dark reddish brown (5YR 3/4) light clay, pH 6.9; weak subangular blocky
structure; diffuse boundary.
BC 135-150+ Dark reddish brown (5YR 3/3) light clay; slightly micaceous; pH 8.2; many
fine carbonate concretions; weak structure.
This soil is reasonably permeable - intermediate between the levee soil and the Cununurra
brown clays - and suitable for horticulture.  The exposure of the subsoil in the more eroded
variants can result in infiltration problems.
An eroded phase is recognised when the clayey subsoil is exposed at the surface.
A gravelly or stony phase is recognised when river gravels/stones are common on the surface
or throughout the profile.  These coarse deposits would have been laid down in areas where
water velocity was higher.
ASSESSMENT OF PACKSADDLE INFILL   
11
Cununurra clay (brown cracking clay)
This soil is extensive throughout the Ord River Irrigation Area.  Aldrick (1990) described
several phases of this soil, but the normal phase is the main one in this area.  It occurs on the
parts of the depressions which are rarely inundated, or in the area between depressions which
is inundated only when the main depressions overflow in exceptionally wet years.
Typical profile
Horizon Depth (cm) Description
A11 0-8 Dark brown (7.5YR 4/2) light medium clay; self-mulching subangular
blocky structure beneath a thin crust; pH 7.1; moderate surface cracking;
clear boundary.
A12 8-100 Dark brown or greyish brown  (7.5/10YR 3/2) medium clay; moderate
subangular blocky structure; pH 8.6; few fine carbonate concretions; diffuse
boundary.
A13 100-150+ Dark brown or greyish brown (7.5/10YR 3/2) medium clay; coarse blocky
structure; pH 8.9; few carbonate and manganese concretions.
Aquitaine clay (grey cracking clay)
This soil occurs in seasonally inundated depressions.  The inundation is caused by local run-
off from the adjacent plain.  The plain is also the source of the clayey alluvium.  The soil is
grey, clayey and cracking to the surface.  The physical characteristics of this soil (heavy
texture, deep and large seasonal cracks) make it difficult to use for horticulture.
Typical profile
Horizon Depth (cm) Description
A11 0-15 Dark grey (10YR 4/1) medium clay; moderately structured (weakly self-
mulching) beneath a thin crust; large surface cracks; pH 6.9; gradual
boundary.
A12 15-120 Very dark grey (10YR 3/1) heavy clay; coarsely structured; pH 7.5-8.5; few
carbonates at depth; diffuse boundary.
AC 120-150+ Dark greyish brown (10YR 4/2) heavy clay; coarsely structured; pH 7.8-8.9;
few carbonates and manganese concretions.
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Walyara clay (calcareous gradational soil)
This soil is calcareous throughout, with a gradual increase in texture with depth.   It is
characterised by a dark curled surface crust, and many carbonate concretions throughout the
profile including the surface.  The soil has high pH, and often a high exchangeable sodium
percentage. This is likely to cause problems with availability/toxicity of nutrients, and makes
it largely unsuitable for agriculture.
Typical profile
Horizon Depth (cm) Description
A1 0-5 Brown (7.5YR 4/3) clay loam with a thin curling black crust and scattered
surface stones and gravels; moderately fine subangular blocky structure;
pH 8.6; some carbonate concretions; calcareous; clear boundary.
B21 5-20 Brown (7.5YR 4/3) medium clay; moderate subangular blocky structure;
pH 9.4, some carbonate concretions; calcareous; diffuse boundary.
B22 20-150+ Brown (7.5YR 4/3) medium clay; weak subangular blocky structure;
pH 9.4; some carbonate concretions; calcareous.
Shallow sandy soils
Shallow reddish sands of variable depth occur between areas of sandstone outcrop.  These
sands have no potential for agriculture and have not been described.
The grey clays in the depressions crack deeply in the dry season.
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9. Land use interpretation
Suitability of the map units for horticulture
Land suitability ratings (and relationship to FAO five class system)
Suitable High to very high suitability (classes I and II in five class
system)
Marginally suitable Fair suitability (class III in five class system)
Unsuitable Low to no suitability (classes IV and V in five class system)
The definition of suitability classes is in Appendix 3.
Table 2.  Suitability for horticulture - spray or trickle irrigation.
Map Suitability Approx. area (ha) Limiting factors
unit class Crown Freehold
1a Unsuitable 13 0 Close proximity to Ord River (refer to
discussion on buffer strip)
1b Suitable 18 2 Proximity to Ord River
1c Unsuitable 1 0 Steep, eroded slopes
2 Suitable 12 <1 Moderate infiltration in subsoil
3 Marginally
suitable
2 1 Moderate to slow infiltration in subsoil, rare
inundation
4 Unsuitable 32 5 Seasonally inundated, heavy, cracking soils,
especially in centre of depressions
5 Unsuitable 2 1 Calcareous soils, inhospitable chemical
conditions (high pH and EC)
6a Suitable 9 26 Non-wetting surface, especially where clay is
near the surface, moderate subsoil infiltration
6b Marginally
suitable
1 6 Clay subsoil exposed
6c Marginally
suitable
1 1 Gravels/stones limit cultivation
7 Unsuitable 9 <1 Rock outcrop, steep slopes, little soil
TOTAL 100 42
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Table 3. Crown and freehold land suitable for horticulture.*
Crown Land Freehold land
Area (ha) % Area (ha) %
Suitable 39 39 28 66
Marginally suitable 4 4 8 19
Unsuitable 57 57 6 15
TOTAL 100 100 42 100
* See Appendix 3 for definition of suitability classes
All areas stated for map units and suitability classes are approximate only.  They have been
derived from a brief field survey and analysis of aerial photographs, and must only be taken as
an indication of the areas available.
Mapping has been drawn from 1:20,000 photographs, and is only accurate to that scale.
These maps have been presented in this report at 1:10,000 only to improve legibility.
Crown Land
Of the total 100 ha, 39 ha are suited to horticulture, comprising 18 ha of levee soils (map unit
1b), 12 ha of transitional levee (unit 2) and 9 ha of red soils (unit 6a).
A further 4 ha is marginally suitable, 2 ha of which are brown clays which may be inundated in
very wet summers (unit 3); 1 ha is stony/gravelly red soil (unit 6c) and 1 ha is eroded clay soil
(unit 6b) which could be improved with good land management.
The remaining 57 ha are unsuitable.  A significant area of about 13 ha of sandy levee soils (unit
1a) adjoining the Ord River has high capability for horticulture, but because of its proximity to
the river (within 100 m) is rated unsuitable.  Use of this area is discussed in more detail later in
this section.  A small deeply dissected part of the levee (1 ha, unit 1c) is also unsuitable.  The
32 ha of cracking and seasonally wet clays of the depressions (unit 4) are also rated unsuitable
under present conditions, although with drainage this rating could be improved to marginally
suitable.  The calcareous Walyara soils (2 ha, unit 5) and the rocky low hills of map unit 7 (9
ha) are also unsuitable for horticulture.
Freehold land, recently acquired from the Crown
Of the total 42 ha, 28 ha are suited to horticulture, comprising 2 ha of loamy levee soils (unit
1b),  less than 1 ha of transitional levee (unit 2) and 26 ha of red clay soils (unit 6a).
Another 8 ha are marginally suitable, including 1 ha of brown clays which may be inundated in
very wet summers (unit 3), 1 ha of stony/gravelly red soil (unit 6c) and 6 ha of eroded red
clays (unit 6b) which could be improved with good land management.
ASSESSMENT OF PACKSADDLE INFILL   
15
The remaining 6 ha are unsuitable.  This includes 5 ha of cracking and seasonally wet clays of
the depressions (unit 4), although with drainage this rating could be changed to marginally
suitable; 1 ha of calcareous Walyara soil (unit 5) and less than 1 ha of rocky low hills (unit 7).
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Salinity hazard
Electrical conductivity (EC) readings for the soils indicate that salinity is unlikely to be a
hazard for properly managed irrigated agriculture. The EC data are presented in Appendix 2.
Drainage
At present, map unit 4, and occasionally unit 3 are inundated each wet season.  The lowest
parts of unit 4 are wet throughout most of the year.  An increase in horticulture is likely to
lead to greater overland and subsurface flows into the depressions, causing increased
inundation problems.
One suggested option is to drain the depressions of unit 4 through the levee to the Ord River.
The soils of the depressions are not well suited to horticulture as they are heavy cracking
clays, especially in the lower areas.  The benefits therefore of gaining a small area of cracking
clay of limited use for horticulture must be offset against the costs of drainage.
Partial drainage of the depressions, not to provide access but to prevent water levels from
rising excessively, may be desirable.  This would ensure that in wet years the water levels
would not rise and interfere with horticulture on the better drained soils next to depressions.
Buffer strip
A buffer strip is required between the river and any proposed agriculture.  The purposes of
the buffer are fourfold:
• to protect the streambank from erosion;
• to reduce the risk of nutrients leaching into the river or being washed in with overland
flow;
• to protect important habitats;
• to reduce the visual impact from the river.
The main route for nutrients to enter watercourses is via drainage waters and sediment loss
from agricultural areas.  Adequate control of drainage water and sediment movement is
therefore essential in any proposed horticultural activity.  The adequacy of these controls
influences the size of buffer required (Neil Lantzke pers. comm.).
The most recent sandy levee deposit adjacent to the river (unit 1a, 13 ha) is about 60 to 100 m
wide and has highly permeable soils likely to leach nutrients and taller river frontage
vegetation.  It appears an appropriate buffer for the river and is recommended for this
purpose.  The soils of this unit also are highly suitable for horticulture using spray or trickle
irrigation.
A reduced buffer width may be possible, given proper management of drainage waters and
sediment movement.  If, for example, a 30 m buffer is chosen, the area of unit 1a within 30 m
of the river is about 5 ha, and the area of unit 1a further than 30 m from the river is about 8 ha,
thus increasing the total area of suitable levee soils available for horticulture by 8 ha to 26 ha.
ASSESSMENT OF PACKSADDLE INFILL   
17
If horticultural development of the levee proceeds, further investigations should be conducted
to determine the minimum buffer width, and appropriate management practices.
Erosion
Unit 1c (eroded levee) is probably caused by subsurface seepage from the depression (unit 4)
scouring out the levee.  Increased development for horticulture around the depressions will
result in increased overland and subsurface flow into them and a potential increase in
subsurface flow through the levee.  This could result in increased erosion of unit 1c, and
possible new areas of erosion.  Sufficient buffers along the river and around unit 1c must be
maintained to minimise this risk.
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Appendix 1. Site locations
Site Easting (m) Northing (m)
PIN1 471361 8246620
PIN2 471296 8246482
PIN3 471104 8246503
PIN4 471178 8246250
PIN5 471341 8246209
PIN6 471543 8246143
PIN7 471672 8246288
PIN8 471950 8246405
PIN9 471931 8246208
PIN10 471944 8246075
PIN11 472032 8246028
ASSESSMENT OF PACKSADDLE INFILL   
20
Appendix 2. Salinity ratings
Site Depth (cm) EC (1:5) Salinity rating
PIN1 0-10 11 Negligible
10-140 10 Negligible
PIN2 0-8 5 Negligible
8-100 6 Negligible
100-150+ 18 Negligible
PIN3 0-5 6 Negligible
5-20 16 Negligible
20-150+ 27 Negligible
PIN4 0-10 1 Negligible
10-80 1 Negligible
80-150+ 2 Negligible
PIN5 0-10 4 Negligible
40 5 Negligible
80 25 Negligible
150 15 Negligible
PIN6 0-5 26 Negligible
5-40 3 Negligible
PIN7 0-5 58 Moderate*
5-30 68 Moderate*
30-135 75 Moderate*
135-150+ 31 Slight*
PIN8 0-10 18 Negligible
80 40 Negligible
PIN9 0-10 1 Negligible
PIN10 0-7 22 Negligible
7-50 50 Slight
50-135 3 Negligible
135-150+ 25 Slight
* EC meter was affected by heat and the reading is likely to be inaccurate and too high.
ASSESSMENT OF PACKSADDLE INFILL   
21
Appendix 3.  Definition of suitability classes
Class Description
Suitable High to very high suitability for the proposed land use.  There may be
minor soil or landscape limitations which affect productive land use or
land degradation, but these can be overcome by careful planning and
management
Marginally
suitable
Fair suitability for the proposed land use.  Moderate soil or landscape
limitations will affect productive land use or land degradation.
Limitations may be overcome by careful planning or management, but
the cost of the additional measures required will influence the
economics of the proposed land use.
Unsuitable Low to very low suitability for the proposed land use.  High to severe
soil or landscape limitations which will affect productive land use or
land degradation.  Limitations may be overcome by specialised
planning and management, although these measures are usually
prohibitive in terms of either development costs or the associated risks
of land degradation.
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